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GAS ANALYSIS AS AN AID IN FIGHTING MINE FIRES. 
By George A. Burrell and Frank M. Seibert. 


INTRODUCTION. 


The Bureau of Mines is conducting, as an essential part of the 
mine-accidents investigations intrusted to it, an investigation of the 
factors involved in the origin and spread of mine fires, and of the 
means by which such fires may be prevented, limited, or extinguished. 
The authors, in connection with their work on mine gases, have 
made gas analyses and recorded observations on the condition of the 
atmosphere in mines. Some conclusions from their work are presented 
in this paper in the hope that they will be of service to those 
- who may have to fight mine fires; for, although analyses of the 
gases from such fires have been made in the past, the systematic 
analysis of samples of the atmosphere of a burning mine or section 
of a mine has not received the attention its usefulness warrants. 

In the early stages of a mine fire effort is directed toward fighting 
it at close range by using water from buckets, hose, or portable 
extinguishers or by loading out the hot coal. Frequently this 
effort is not successful, and the mine or a section of it is sealed in 
order to smother the fire. Some fires gain such headway that the 
entire mine has to be flooded. This expedient, though effective, 
requires the use of an enormous quantity of water, not always easily 
obtained, and a subsequent expenditure of much money and time 
in draining the mine and putting it in working order. 


REASONS FOR SAMPLING. THE AIR OF SEALED AREAS. 


When an entire mine, or a section of it, has been sealed to exclude 
air, the sampling of the atmosphere within the sealed area becomes 
desirable in order to determine the effectiveness of the stoppings or 
dams in excluding air. If the stoppings are tight, the fact is shown 
- by a depletion of oxygen in the atmosphere behind them. A period 
of anxiety always follows sealing, and any aid that tends to allay 
fears as to whether the fire is spreading or enables the mine officials 
to act promptly in case conditions get worse, is worthy of considera- 


tion. 
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Another reason for the systematic collection and analysis of 
samples of air from the sealed area is to obtain information regarding 
the advisability of removing stoppings. Disastrous consequences 
have sometimes followed the premature reopening of sealed areas; 
moreover, fires have burned vigorously after external air was thought 
to be entirely excluded. Hence, stoppings are sometimes left in 
place for many months, and when they are eventually removed 
much uncertainty is sometimes felt as to the result. 

The burning of coal and wood in a mine fire differs in some respects 
from the ordinary combustion of coal or wood in a boiler furnace; 
yet, just as periodic analyses of the escaping gases will indicate 
combustion conditions in the furnace, so periodic analyses of the 
atmosphere within a burning mine or section of a mine will indicate 
combustion conditions there, although these indications are less 
clearly understood and will be until some features of mine fires have 
been studied more fully. 


CHANGES IN MINE AIR DURING FIRES. 


When a burning section of a mine has been successfully sealed, the 
atmosphere within changes in composition. It loses oxygen and can 
not support combustion. Then the coal, or wood, cools until readmis- 
sion of air can not cause a blaze, and finally the temperature of the 
fire zone becomes normal. The cooling requires considerable time, 
because in a mine the embers and the hot coal are so excellently 
insulated that they cool slowly. 

The principal changes in the composition of the atmosphere in a coal 
mine during a fire are as follows: Oxygen is consumed in the burning 
of coal and is absorbed by coal that is not on fire; carbon dioxide is 
produced; methane accumulates; and carbon monoxide and hydro- 
gen form when the oxygen supply becomes insufficient for complete 
combustion. 


LOSS OF OXYGEN. 


The atmosphere in a burning section of a coal mine loses oxygen 
not only by the combustion of the coal but by oxygen being absorbed 
by the coal. This absorption, which takes place at normal tem- 
peratures, appears to be mainly a chemical combination between 
the oxygen and certain unsaturated hydrocarbon compounds in the 
coal, and the rapidity with which it takes place depends upon the 
nature of the coal. The action may be so rapid that the fire plays 
only a minor part in depleting the oxygen of the air in the burning 
section. This is particularly the case when the area on fire is very 
small in proportion to the area inclosed. That such absorption takes 
place is fortunate, because the removal of the oxygen in an inclosed 
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section is hastened and the atmosphere more rapidly becomes inca-~ 
pable of supporting combustion. 

The rapidity with which coal absorbs oxygen is shown by experi- 
ments performed by Porter and Ovitz® in the course of their work 
upon the spontaneous combustion and destructive distillation of 
coal. Ten kilograms (22 pounds) of coal from Connellsville, Pa., 
absorbed, during the first day after mining, nearly one-half the oxy- 
gen in 10 liters of air. Slightly more than one-tenth as much carbon 
dioxide was produced as would have been produced had all of the 
oxygen absorbed combined with carbon to form carbon dioxide. 

Parr and Barker ° also have shown that the absorption of oxygen 
by coal occurs rapidly, especially with freshly mined coal, and that 
the absorption is very noticeable even in samples of coal that have 
been mined two years. 

The fact that oxygen is absorbed by the coal in mines is confirmed 
by the authors’ analyses of many samples of mine air. 


PRODUCTION OF CARBON DIOXIDE. 


A very large proportion of carbon dioxide, more than 4 or 5 per 
cent, in the atmosphere of a sealed section of a mine is unusual except 
near the fire. Even in places where the oxygen has been entirely 
consumed, no large quantity of carbon dioxide has been found by 
the authors. A fire in a coal mine increases, of course, the total quan- 
tity of carbon dioxide produced, but if the samples collected from a 
closed section represent fire gases diluted by the atmosphere of those 
parts of the section that are not on fire, the carbon dioxide found is 
by no means proportionate to the oxygen consumed in the fire. 
This deficiency of carbon dioxide results from the absorption of oxygen 
by the coal without (as is largely the case in the combustion of coal 
in a boiler furnace) the formation of a proportionate quantity of 
carbon dioxide. 

ACCUMULATION OF METHANE. 


In some mines methane escapes from the coal in large quantities, 
and under extreme conditions the atmosphere in some places may 
contain 50 per cent or more of methane in a very short time after 
becoming stagnant. On the other hand, samples collected by the 
author from workings in which the air had been stagnant for several 
months did not contain methane enough to form an explosive mix- 
ture even if the proportion of oxygen had been sufficient. 

In a mine fire methane is undoubtedly formed from the burning 
coal, and such methane is added to that escaping from pores and 


@ Porter, H. C., and Ovitz, F. K., The escape of gas from coal. Technical Paper 2, Bureau of Mines. 
1911. 14 pp. 
b Parr, S. W., and Barker, Perry, Occluded gases in coal, Bull. 32, University of Illinois, 1909. 
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cracks in the coal not on fire; but because the area on fire may be 
small as compared with the total space inclosed, the proportion of 
methane produced by the fire may be small throughout the larger 
part of this space. In one instance, samples collected directly over 
a fire contained only about 1 per cent more methane than samples 
collected behind a stopping 2,000 feet from the fire. 


PRODUCTION OF CARBON MONOXIDE AND HYDROGEN. 


Usually the oxygen supply in a burning section of a mine is quickly 
reduced; then incomplete combustion begins, and hydrogen and 
carbon monoxide form at the fire. Carbon monoxide is so poison- 
ous that deadly proportions are liable to be present in all parts of the 
section. 

Samples of gases collected by the authors near a fire, where the coal 
was intensely hot and the oxygen content of the mine atmosphere 
was only 2 per cent, contained 1.5 per cent of carbon monoxide. 
The part that carbon monoxide plays in gas explosions during mine 
fires has aroused considerable conjecture, but the data thus far 
accumulated by the Bureau of Mines indicate that the danger from 
the formation of explosive mixtures of carbon monoxide, or of 
hydrogen, is subordinate to the danger from methane, because in 
some mines methane accumulates rapidly in any place where the 
atmosphere becomes still, and enough is soon present to form an 
explosive mixture with an inrush of air. 

The explosive limits of a mixture of carbon monoxide and air lie 
between about 14 per cent (low limit) and 75 per cent (high limit) of 
carbon monoxide. The limits for a mixture of methane and air lie 
between about 5.5 percent (low limit) and about 13 percent (high limit) 
of methane. These limits apply to ignition of the gas at ordinary tem- 
peratures and pressures by an electric spark. Other methods of 
ignition, changes in the shape of the containing chamber, differing 
pressures and temperatures, change them somewhat. For example, 
Clarence Hall, explosives engineer of the Bureau of Mines, found that 
mixtures of natural gas and air used by him in testing explosives 
could be ignited by the flash of a blown-out shot of black powder 
when as little as 4.07 per cent of gas was present,* whereas the authors, 
using an electric spark and confining the gas-air mixture in a Hempel 
explosion pipette, could not ignite a mixture containing less than 4.8 
per cent of gas, and with this percentage of gas obtained only a 
slight inflammation throughout the mixture. The explosion was not 
strong until the mixture contained 5 per cent of gas. 


@ The inflammation, which was not violent, was produced by a flame from 1,000 grams of black powder. 
The charge was placed unstemmed in the bore hole of the cannon and fired in 630 cubic feet of an atmos- 
phere that contained 4.07 per cent of natural gas. 
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As the necessary proportion of carbon monoxide has not been 
detected in the after-damp gases the authors have examined, they 
believe that the possibility of explosions from the formation of car- 
bon monoxide and air mixtures is remote. Still a: point would un- 
doubtedly be reached at which the addition of less than an explosive . 
proportion of carbon monoxide to a nonexplosive proportion of 
methane would result in the formation of an explosive mixture. 
Experiments along this line have not been conducted. 

The production of hydrogen in a fire area seems to be even less 
than that of carbon monoxide, hence the danger from the formation 
of explosive mixtures of hydrogen is still more remote. 


PRODUCTION OF OTHER COMBUSTIBLE GASES. 


Other combustible gases, such as ethylene (C,H,), may be produced 
by a fire in a mine, but seemingly they are formed in such small pro- 
portions that their value in indicating the progress of the fire, as 


shown by gas analysis, or their importance as factors in explosions 
needs hardly be considered. 


EXTINCTION OF FLAME, 


Experiment shows that the flame of a candle or of a miner’s open 
lamp is extinguished when the oxygen content of the surrounding air 
falls to about 16 or 17 percent. Clowes? in experiments with atmos- 
pheres that would not support flames found, by allowing a candle to 
burn out in a closed vessel containing ordinary air, that the composi- 
tion of the atmosphere in which the candle flame was finally extin- 
guished by lack of oxygen was as follows: Oxygen, 16.05; carbon 
dioxide, 3.15; nitrogen, 80.80 per cent. 

The composition of the residual atmospheres in which other flames 
were extinguished was as follows: 


Composition of residual atmospheres that extinguished flames. 


Percentage composition of 


atmosphere. 
Flame. 
O2 CO, Nea 
FRVUTOR Oise scose eat ncteesaetn Saat tee ceahees Se sea ebaeeesaat oe sgaceee te Uy Ree 94.50 
Carhon monoxide). s:<-.222 s2cictacinsssctcscececoteneeeaeevens nyp siteclat’s 13.35 12.25 74. 40 
Methane..........-....--. Renee er eee ee creer ee eet 15. 60 2.30 82.10 


Coal gas (Nottingham).........-2-2-.2-s:c0ccsececeecscsccssesceceeceeees 11.35 | 4.90 83.75 


a Clowes, Frank, and Redwood, Boverton. Detection and measurement of inflammable gas and vapor 
in air. 1896, p. 149. 
b Idem, p. 165. 
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The authors obtained the following results by placing flames in a 
gas-tight bell jar and allowing them to burn out: 


* Composition of residual atmospheres that extinguished flames. 


Percentage composition of 
atmosphere. 


Flame. 
CO, Oa Na 
Wolfe lamp 3.00 16.50 80. 50 
Acetylene lam pls cs bcc edeiccsoscce one si sescestesesesesonaess 6.30 11.70 82.00 
Natural gas@. ae 3.25 13.90 82.85 
Candle <2. ese se cote 26 opawk asece dd Soccesapssanes sosseaerateperees aeeeae 2.95 16.24 80. 81 


aCHy, 82; CoH, 16.4; Nea, 1.5; COs, 0.1 per cent. 


To determine the uniformity of composition of the residual air 
three samples were taken in each experiment. One sample was 
taken at about the height of the flame, as soon as the flame went out; 
a second, at the top of the jar, immediately afterward; and a third, 
10 minutes later. In each experiment the analyses of the three sam- 
ples agreed within 1 per cent. The figures given in the table are the 
average of the three determinations. 

In experiments such as these a flame undoubtedly burns in atmos- 
pheres containing slightly less oxygen than would support it under 
mining conditions, because there is no chance for a slight gust of air 
or a jerk of the lamp to extinguish it prematurely. 

Although a mine fire that is well under way when stoppings are 
built may continue to burn in an atmosphere containing less than 15 
or 16 per cent of oxygen, yet the above results afford some basis for 
estimating the amount of inleaking oxygen required to keep a fire 
burning or to cause a smoldering fire to burn more strongly. The 
following information, collected by the Bureau of Mines, is 
instructive: 

A fire in a heavily timbered stope in a metal mine had been brought 
under control by sealing the section, but as air was slowly admitted 
to reopen the section, the fire blazed when the oxygen content of the 
atmosphere reached 17 per cent. A fire in a timbered airway of an 
anthracite mine burned more vigorously when the atmosphere of the 
airway contained approximately 17 per cent of oxygen. In each of 
these cases, of course, the fires had smoldered in an atmosphere 
containing a smaller percentage than this. 

Conclusions as to the approximate length of time a sealed mine or 
section of a mine should remain closed after a fire has been brought 
under control are hard to reach, because conditions differ at different 
fires. However, it is certain that analysis of a sample of the atmos- 
phere in the mine or section will show whether the fire is well sealed 
and will enable more intelligent conclusions to be drawn regarding 
the length of time that stoppings should be kept up. When the 
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oxygen in an area is almost or entirely consumed, combustion neces- 
sarily must cease, and the question then.is how long the embers can 
retain heat sufficient to cause them to rekindle on the admission 


of air. 
RELIEF PIPES AT STOPPINGS. 


In sealing any part of a mine certain precautions are observed, 
for it is a matter of common knowledge that a fire continues to 
burn for some time after stoppings are built, and the heated gases, 
unless-they can escape readily, exert considerable pressure on stop- 
pings. Moreover, an inrush of air after the cooling of the impris- 
oned atmosphere must likewise be guarded against or the fire may 
start afresh; again, dangerous explosions may result if the out- 
flow of gases from a fire is checked too suddenly. At some fires 
the precaution has been adopted of having a pipe, with an elbow, 
placed in the upper part of the dam. This pipe dips into a vessel, 
an open barrel or keg, continuously supplied with water from a pipe 
fitted with a tap. The overflow from the barrel is allowed to run off. 
The tap is for shutting off the water when no longer needed. By this 
arrangement the outflow of gas is checked gradually and is finally 
stopped when the pressure of the water over the outlet of the escape 
pipe equals that of the gas behind the stopping. The relief pipe 
also serves to indicate the pressure in the fire area. When the 
temperature rises the pressure is outward and more gas escapes 
from the pipe; when the temperature falls the pressure is inward, 
and water is drawn into the pipe. After all combustion has ceased 
and the temperature has become normal, the atmosphere in the 
inclosed area may alternately expand and contract. 


COLLECTION OF SAMPLES—SIGNIFICANCE OF DATA. 


For the purpose of taking samples and determining the tempera- 
ture and pressure of the imprisoned atmosphere a straight pipe pro- 
vided with a valve should be placed in each stopping. Samples of 
gas can be collected with a small hand pump, pressures can be read 
with a water gage, and temperatures can be taken with a thermometer 
inserted through the pipe. 

Data obtained thus at regular intervals during the entire period 
that the fire is sealed are valuable, but their significance is governed 
more or less by the distance of the stopping from the fire. If this 
distance be great, changes in the condition of the fire will not be 
quickly indicated by the atmosphere behind the dam, and a change 
for the worse may occur before the fire fighters become aware of it. 
Clearly, however, in most cases the fire can burn more vigorously 
only by inleakage of air through the stoppings, consequently chemical 
analyses of the atmosphere just behind them show whether the 
inleakage of air is sufficient to keep the fire burning and thus, perhaps, 
permit conditicns to become worse. 


Google 


10 GAS ANALYSIS IN FIGHTING MINE FIRES. 
COMPOSITION OF THE ATMOSPHERE IN BURNING MINES. 


Samples of gas were collected from behind stoppings that were 
built to sea! off a fire in and close to the mouth of a drift mine work- 
ing the Pittsburg bed. The first sample was taken through a hole 
in a concrete stopping, very near the fire, one day after the mine was 
sealed. The second and third samples were collected at the same 
place. Shortly after the third sample was taken water which had 
been forced in rose so high inside the dam that more samples could 
not be collected. 


Composition of the atmosphere in a sealed mine. 


Percentage of composition. 


No. of Date 
sample. | (1910). | Time 


1....:..] May 22 | 7.30a.m....] 9.14 


1.83 3 1.02 | 83.09 
2.......| May 23 | 2p.m....... 8.10 2.80 1.61 1.13 -35 | 86.01 
B32 Sees May 24 | 8a.m....... 8.03 3. 47 -35 | 85.69 


The following samples were collected from the same mine by 
inserting a tube in a small hole driven through the thin covering 
over the main heading near the mine mouth. The samples thus 
collected represent gases from a very hot part of the burning section: 


Composition of the atmosphere in a hot part of a sealed mine. 


Percentage of composition. 


No. of Date 
sample. | (1910). Time. 


CO: | Os | co. | coy | Ha | Ne 


ee May 22 | 7.35 p.m....| 8.07 1.69 1.58 3.39 1.37 | 83.90 


8.0 
Y iene May 23]}1p.m.......| 8.03 | 3.13 | 1.25 | 1.14 29 | 86.16 
Bslekesd May 24/8a.m....... 8.14 | 3.00 | 1.41 | 1.21 35 | 85.89 


These analyses are interesting because they show a rapid depletion 
of oxygen after sealing, and the formation of an atmosphere that 
would check the progress of, the fire. In other words, they show that 
the dams were tight and the fire was being brought under control. 

Samples were taken from behind another stopping, which was 
situated about 2,000 feet away from the burning area, by boring a 
?-inch hole in the wooden brattice and drawing the gas into the 
sample container with a small air pump. Later, by using helmets, 
entrance was made into the mine at this place, and three samples of 
air were obtained at points approximately 200, 600, and 800 feet 
inward from the stopping. Samples could not be collected farther 
in than 800 feet because of the heavy pall of smoke encountered 
there. The analyses of the samples are as follows: 
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Composition of atmosphere in a sealed area at a point remote from the fire. 


| Percentage composition. 
No. of Point of sampling. 


sampling. 


Through stopping.........-. 
.-| 200 feet beyond.............- 
-| 600 feet beyond.............. 
800 feet beyond.............. 


The deficiency of oxygen in the samples was in part due to the 
absorption of oxygen by coal not affected by the fire. Except for 
the stagnant condition of the atmosphere and the heavy accumula- 
tion of black damp in the passages between this section and the 
burning section, the high oxygen content of the samples, especially 
of Nos. 1 and 2, would have caused apprehension as being sufficient 
to increase combustion. Because of the stagnation of the air, how- 
ever, it was felt that little oxygen from outside was reaching the fire. 
Air was apparently leaking in to some extent at the place where these 
samples were taken, or a greater oxygen deficiency would undoubt- 
edly have been found. On account of many small openings at 
different places on the surface, air could not be entirely excluded. 

The mine was nongaseous, and this fact accounts for the small 
amount of methane that accumulated directly at the fire area and at 
the brattice 2,000 feet beyond. The knowledge that the accumula- 
tion of methane was slight was valuable, as it gave assurance that an 
explosion would not follow an accidental inrush of air. 

The following samples of gas were obtained from behind one of 
several dams, which sealed a fire area in an anthracite mine. The 
dam was situated about 30 feet from the fire area. At the time the 
samples were collected, air was slowly leaking through another dam 
and some of the products of combustion were reaching the point of 
sampling. As some of these products of combustion were leaking 
out through the dam, compressed air was used in order to make 
the atmosphere outside the dam respirable while the samples were 
being taken. 


Composition of the atmosphere in a fire area in an anthracite mine.@ 


Percentage of gases found. 
No. of Date , 
sample. (1910). Time. 
CO.. Oz. co. CHy. No. 
5.00 p. M........ 25 8.3 1.3 11.5 75.4 
12.00;-. 50005 658 -8 9.6 0.7 13.1 72.8 
9.45 a. M........ 4 10.9 0.6 10.8 74.3 
4.00'p:.Meo sec 4 11.3 0.6 10.3 74.4 
4.30 p. m........ -0 12.6 0.4 9.6 74.4 
11.00 a. m....... .3 14.1 0.6 9.0 73.0 
.| 3.30 p.m... rg i 13.6 0.8 12.0 69.5 
10.30 a.m... -8 10.1 1.2 14.1 69.8 
5.00 p.m... 0 12.2 1.0 12.2 70.6 
-| 6.30 a.m... 2 6.6 0.4 6.6 74.2 


aIn all the samples the proportion of hydrogen was less than 0.20 per cent. 
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When one of the writers arrived at the mine the fire had been 
temporarily checked. It increased in strength afterwards, but was 
again checked. At the time of the collection of sample No. 1 the fire 
was seemingly under control. However, the increase of oxygen shown 
by samples 1 to 6 caused alarm, and efforts were directed toward 
tightening the old dams and building new ones a few feet in front 
of them. The coal bed at this place dipped rather steeply, and there 
was difficulty in building dams tight enough to hold water. 

On the morning of October 29 the proportion of oxygen (shown by 
sample No. 6) in the atmosphere of the fire area was so much larger 
that the fire burst forth with renewed intensity. The chute in front 
of the dam had filled with smoke, and there were no doubts that the 
fire was gaining headway. Analysis of gas samples showed a dam 
sealing another chute leading to the fire area to be leaking air, and 
efforts were directed toward making it tight. When inleakage of air 
was prevented by tightening this dam and building new dams in 
front of the old ones, water was forced to the fire. The rise of the 
water inside the dams prevented the further collection of gas samples. 
The large proportion of carbon dioxide in sample No. 10 is due to the 
fact that carbon dioxide from a fire extinguisher had been forced into 
the area just prior to the taking of the sample. 

As stated before, the samples of gas were obtained froni behind a 
dam situated 30 feet from the burning area, while the products of 
combustion were slowly moving toward the point of sampling. 
External air was reaching the fire by leakage through another dam, 
and when sample No. 6 was collected the atmosphere behind the 
leaking dam contained about 20 per cent of oxygen. This dam was 
situated 90 feet from the fire and any air that reached the fire did so 
by slow diffusion. Just what percentage of oxygen in the atmosphere 
close to the fire caused the intensity of the latter to increase is difficult 
to state with exactness, but it certainly was between 14 and 20 per 
cent. The oxygen content was less than 20 per cent, because that 
was the content of the atmosphere just behind the leaky dam, but was 
more than 14.1 per cent, because that was the content after some 
oxygen had been consumed by the fire and absorbed by the unburned 
coal. 

The bed of coal was gaseous. The following analyses of samples col- 
lected behind a third dam show the accumulation of the methane 
evolved. This dam had been in place seven days when sample No. 1 
was collected, but was not and had not been air-tight, as shown by 
samples taken before and after those reported. Except in its early 
stages the fire had no effect on the atmosphere at this place, because 
of the intervening roof falls. The analyses therefore show the 
changes in the atmosphere within a sealed area not influenced by fire 
in a gaseous bed of anthracite coal. 
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Changes in composition of the atmosphere of a sealed area in a gaseous mine. 


Determinations. 
x Date 
No. (1910). Time 

CO, O2 co | CH, | Na 

erct.| Perct.| Perct. | Per ct. | Per ct. 
ee 2.2 15. 0.0 14.0 68.8 
200 ooas 2.3 | 14.6 0.0 | 18.1 | 65.0 
Bors star 2.6 6.2 0.0 24.2 67.0 
Zit cracs 2.9 5.7 | 0.0 | 29.3 | 62.1 
yan 2.4 6.2 0.0 30.1 61.3 
29. wer; 2.8 4.1 0.0 34.9 58.2 
OES tH 2.6 3.0 0.0 | 53.0 41.4 

ie we +3 = 


The rapid oxygen decrease on November 2 (sample No. 26) resulted 
from tightening the dam. 

The following analyses show the composition of the atmosphere 
behind a tight stopping which had been built nine months prior to the 
collection of the samples to inclose a fire area in a bituminous coal 
mine working a bed that is considered nongaseous. The accumula- 
tion of methane during several months’ time amounted to about 5 
per cent. The oxygen, it will be noticed, had been almost entirely 
consumed. Before the area was entered the samples were collected 
through the stoppings. When explorations were made by the use 
of breathing apparatus, samples were collected within the area. The 
fire had then been extinguished for a considerable time. The area 
inclosed was large. 


Analyses of the atmosphere of a sealed crea in a nongaseous mine. 


Sample No. 2. 


Determinations. | Sample No. 1. | 
| | 
Ler cent. Per cent. 

COs | 1-20 | 1.30 

Og 0.30 0. 10 

co 0.00 | 0. 00 

CH, 5.37 4.80 

No 93. 13 93. 80 
| 


The following table gives the composition of samples of gases taken 
in November, 1911, from behind a stopping erected to seal a fire in a 
bituminous coal mine in Pennsylvania. The samples were collected 
four days after the sealing of the fire. 


Composition of gases from a fire area. 


Percentage composition. 
Date 
(1911). Time. 
COg On. co. CHa. Ns. 

Nov. 20 4.8 1.6 0.6 (GB)! A eeaees 
20 4.8 1.6 -6 (@)— fase desine 
21 5. 87 1. 43 1.42 | 22.27] 69.01 
22 5. 84 1.02 1.03 | 24.45 | 67.66 
23 5.61 As2eilsSee552¢ 26.18 | 66.99 
27 5. 22 97 1.17 | 30.86] 61.72 


@ Not determined, 
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The table shows that the percentage of oxygen in the atmosphere 
behind the dam decreased somewhat, thus demonstrating that there 
was no leakage of air through the dam, and also shows that the per- 
centage of. methane in the atmosphere increased. 


AN IMPROVED GAS-ANALYSIS APPARATUS. 


The authors have modified an Orsat gas-analysis apparatus to 
make a portable apparatus, as shown in figure 1, that is easy to 
manipulate and is sufficiently accurate for work at mine fires. With 
this apparatus carbon dioxide, car- 
bon monoxide, and methane can 
be determined within about 0.2 per 
cent. Hydrogen, if present in the 
gas mixture, can be determined 
about as accurately by calculation 
from the combustion data. 

The modified apparatus includes 
a burette of uniform diameter, 
graduated to 0.2 c. c., and a slow- 
combustion pipette, d, for burning 
methane and hydrogen. Pipettes 
a, b, and c contain glass tubes (not 
shown in the figure) to increase 
the absorption surface. The 
reagents used in these pipettes are: 
a, potassium hydroxide solution; 8, 
alkaline pyrogallate solution; and 
c, cuprous chloride solution. The 
gas sample is drawn.in through the 
3-way stopcock, e, and measured in 
the burette at atmospheric pressure. 
|| It is then passed successively into 
the potassium hydroxide, alkaline 
Fic. 1.—Gas-analysis apparatus for use at mine pyrogallate, and cuprous chloride 

a solutions for the removal of carbon 
dioxide, oxygen, and carbon monoxide. The residual gas is diluted 
with air and passed into a slow-combustion pipette which contains a 
coil of No. 30 (B. &S.) platinum wire supported by two glass rods; 
this coil, when brought to a white heat by an electric current from a 
storage battery, ignites the combustible portion of the gas. After 
the combustible gases are burned the pipette is allowed to cool and 
the contraction in volume is measured. Finally, the carbon dioxide 
formed by the combustion is absorbed by potassium hydroxide and 
the contraction in volume is noted. 


\ | keen 
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A calculation is then made for either methane, or methane and 
hydrogen combined, This depends upon the combustion data—that 
is, the contraction and the amount of carbon dioxide. Those samples 
that contain a percentage of methane which might cause an explosion 
if the residual gas were diluted with air and passed directly into the 
combustion pipette, are handled as follows: 

The residual gas is passed directly into the slow-combustion pipette 
and the platinum coil therein is brought to a bright red heat. A 
quantity of air or oxygen sufficient to burn completely the com- 
bustible portion of the gas is then introduced from the burette 
at the rate of about 10 c. c. per minute. In this manner quiet 
combustion takes place as the air or oxygen enters the pipette 
and comes in contact with the coil and the gas. An explosion from 
the formation of a mixture of oxygen and methane can not follow. 
In order to simplify the apparatus as much as possible, water is used 
in the burette and in the combustion pipette. More accurate work 
can be performed if mercury is used, especially in the combustion 
pipette, but if distilled water slightly acidified with sulphuric acid is 
used, results of sufficient accuracy for the determination of conditions 
inside the fire area can be obtained. A more complicated apparatus 
has disadvantages when results are wanted quickly. This apparatus 
is so simple and portable that it can be carried from headquarters 
directly to a mine and set up there at any convenient place. The 
authors have taken it into mines and made determinations under- 
ground. A storage battery giving a current of 5 volts and 4 amperes 
can be used for heating the platinum coil. 

Descriptions of more accurate designs of apparatus for a wide range 
of gas-analysis work, including portable and laboratory forms for the 
determination of the constituents in mine air will be given in a forth- 
coming bulletin of the Bureau of Mines. 

In conclusion the authors again state that the purpose of this paper 
is to call the attention of mining men to the advisability of making 
more use of gas analysis at mine fires. Hence discussion of other 
expedients adopted in fighting such fires has not been attempted. 


PUBLICATIONS ON MINE ACCIDENTS AND TESTS OF EXPLOSIVES. 


The following Bureau of Mines publications may be obtained free 
by applying to the Director, Bureau of Mines, Washington, D. C.: 


BULLETIN 10. The use of permissible explosives, by J. J. Rutledge and Clarence 
Hall. 1912. 34 pp., 5 pls. 

BULLETIN 15. Investigations of explosives used in coal mines, by Clarence Hall, 
W. O. Snelling, and S. P. Howell, with a chapter on the natural gas used at Pittsburgh, 
by G. A. Burrell, and an introduction by C. E. Munroe. 1911. 197 pp., 7 pls. 

BULLETIN 17. A primer on explosives for coal miners, by C. E. Munroe and Clarence 
Hall. 61 pp., 10 pls. Reprint of United States Geological Survey Bulletin 423. 
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BULLETIN 20. The explosibility of coal dust, by G.S. Rice, with chapters by J.C. W. 
Frazer, Axel Larsen, Frank Haas, and Carl Scholz. 204 pp., 14 pls. Reprint of 
United States Geological Survey Bulletin 425. 

BULLETIN 26. Notes on explosive mine gases and dusts, by R. T. Chamberlin. 67 pp. 
Reprint of United States Geological Survey Bulletin 383. 

TrecHNICAL Paper 4. The electrical section of the Bureau of Mines, its purpose and 
equipment, by H. H. Clark. 1911. 12 pp. 

TECHNICAL Paper 6. The rate of burning of fuse as influenced by temperature and 
pressure, by W. O. Snelling and W. C. Cope. 1911. 28 pp. 

TECHNICAL Paper 7. Investigations of fuse and miners’ squibs, by Clarence Hall 
and S. P. Howell. 1911. 19 pp. 

TECHNICAL Paper 11. The use of mice and birds for detecting carbon monoxide 
after mine explosions and fires, by G. A. Burrell. 1912. 15 pp. 

TrecHNicaL Paper 12. The behavior of nitroglycerin when heated, by W. O. Snell- 
ing and C.G. Storm. 1912. 14 pp. 

Miners’ Circutar 2. Permissible explosives tested prior to January 1, 1911, and 
precautions to be taken in their use, by Clarence Hall. 1911. 12 pp. 

Miners’ Circuar 3. Coal-dust explosions, by G. 8. Rice. 1911. 22 pp. 

Miners’ Crrcutar 4. The use and care of mine-rescue breathing apparatus, by 
J. W. Paul. 1911. 24 pp. 

Miners’ Crrcurar 5. Electrical accidents in mines; their causes and prevention, 
by H. H. Clark, W. D. Roberts, L.C. Ilsley,and H. F. Randolph. 1911. 10pp.,3pls. 

Miners’ Circuar 6. Permissible explosives tested prior to January 1, 1912, and 
precautions to be observed in their use, by Clarence Hall. 1912. 
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